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DESICCANT ASSISTED AIR CONDITIONING 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates in general to air condition 
ing systems, and relates in particular to a desiccant assisted 
air conditioning system utilizing a heat pump device or a 
refrigeration device for desiccant regeneration and cooling 
of process air. 

2. Description of the Related Art 
An example of knoWn prior art for desiccant assisted air 

conditioning system is disclosed in a US. Pat. No. 2,700, 
537. Such earlier desiccant types of air conditioning systems 
require a heat source operating at temperatures of 100°~150° 
C. for regeneration of desiccant material (moisture 
adsorbent), and necessitated the use of such high tempera 
ture heat sources as electrical heater and boiler. Recent 
developments permitted some desiccant to be regenerated at 
60°~80° C., and loWer temperature operation of the system 
has become possible. Such loW temperature heat sources 
utiliZe a combination of electrically driven vapor compres 
sion heat pump or refrigerating machine for desiccant regen 
eration and cooling of process air. 

FIG. 15 is an example of prior art disclosed in a US. Pat. 
No. 4,430,864 and comprises: a process air passage A; a 
regeneration air passage B; tWo desiccant beds 103A, 103B; 
and a heat pump device 200 for desiccant regeneration and 
cooling of process air. The heat pump device 200 is provided 
With tWo heat exchangers embedded in the tWo desiccant 
beds 103A, 103B, one of the desiccant bed is used as a 
high/loW temperature heat source. One of the desiccant beds 
is used to How process air to carry out moisture adsorption, 
and the other desiccant bed is used for ?oWing regeneration 
air to carry out desiccant regeneration. After these processes 
have been carried out for sometime, regeneration air and 
process air are sWitched by means of sWitching valves 105, 
106 to carry out reverse steps. 

In the technology described above, the high/loW tempera 
ture sources and the desiccant devices are integrated into one 
unit respectively, and an amount of heat corresponding to the 
cooling effect A Q for the air conditioning system becomes 
a thermal load on the heat pump (refrigerating machine). 
The thermal efficiency of the entire system is thus limited by 
the capacity of the heat pump, and no extra effect is achieved 
Within the system. Therefore, it may be concluded that 
complexity of the system is not Worth the effort. 

To resolve such a problem, the folloWing type of arrange 
ment may be considered. That is, as shoWn in FIG. 16, a high 
temperature source 220 is disposed in the regeneration air 
passage to heat the regeneration air, While a loW temperature 
heat source 210 is disposed in the process air passage to cool 
the process air. Also, a heat exchanger 104 may be provided 
for transferring sensible heat betWeen post-desiccant process 
air the pre-desiccant regeneration air. In the example shoWn, 
the desiccant device is a desiccant Wheel 103 rotatable to 
traverse the process air passage A and the regeneration air 
passage B. 

In such a system, as shoWn in a psychrometric chart in 
FIG. 17, total cooling effect (A Q) of a cooling effect 
produced by the sensible heat exchanger added to the 
cooling effect provided by the heat pump device may be 
obtained for the entire system, thus resulting in a higher 
thermal efficiency and a more compact design of the entire 
system than the system shoWn in FIG. 15. 
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2 
HoWever, even in such a system, after the system has been 

inactive for a long period of time, the desiccant material 
naturally adsorbs moisture from the environment, and dur 
ing the start-up phase of the system operation, its adsorption 
ability is decreased. This effect is shoWn by dotted lines in 
FIG. 17 indicating that sufficient dehumidi?cation cannot be 
produced in the system in the start-up period. The tempera 
ture of the air at the outlet of the desiccant does not rise (state 
L), consequently, the temperature difference betWeen the 
process air and the regeneration air in the sensible heat 
exchanger 104 is small, so heat exchange is also loW, and the 
inlet temperature of the high temperature heat source 220 for 
the regeneration air is also loW (state R). Operating the heat 
pump device under these conditions, regeneration air cannot 
be heated to a sufficiently high temperature (state S). 
Therefore, the adsorption ability of the desiccant material 
cannot be recovered to delay the full operation of the system. 

SUMMARY OF THE INVENTION 

It is therefore necessary to develop a high efficiency air 
conditioning unit combining desiccant regeneration and 
cooling process air so as to enable the system to quickly 
reach its full operating ability under all conditions. 
The above object is achieved by a desiccant assisted air 

conditioning system comprising: a process air passage for 
?oWing process air; a regeneration air passage for ?oWing 
regeneration air; a desiccant device Which can be selectively 
communicated With either the process air passage or the 
regeneration air passage; a heat pump device having a 
compressor, an evaporator, a condenser and a heat pump 
cycle passage for ?oWing refrigerant therein, the heat pump 
providing a heating heat source for heating the regeneration 
air and cooling heat source for cooling the process air; a 
recovery heat exchanger for recovering heat from the regen 
eration air flowing doWnstream of the desiccant device in the 
regeneration passage into the refrigerant flowing in the heat 
pump cycle passage for use as heat of evaporation in the heat 
pump device. 

Another aspect of the present invention is a desiccant 
assisted air conditioning system comprising: a process air 
passage for ?oWing process air; a regeneration air passage 
for ?oWing regeneration air; a desiccant device Which can be 
selectively communicated With either the process air passage 
or the regeneration air passage; a heat pump device having 
a compressor, an evaporator, a condenser and a heat pump 
cycle passage for ?oWing refrigerant, the heat pump pro 
viding a heating heat source for heating the regeneration air 
and cooling heat source for cooling the process air; a 
regeneration promoting means for temporary promoting the 
regeneration ability of the regeneration air. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a ?rst embodiment 
of the desiccant assisted air conditioning apparatus of the 
present invention. 

FIG. 2 is a psychrometric chart shoWing the desiccant air 
conditioning cycle of the ?rst embodiment. 

FIG. 3 is a schematic representation of a second embodi 
ment of the desiccant assisted air conditioning apparatus of 
the present invention. 

FIG. 4 is a psychrometric chart shoWing the desiccant air 
conditioning cycle of the second embodiment in case of a 
normal operational mode. 

FIG. 5 is a schematic representation of a third embodi 
ment of the desiccant assisted air conditioning apparatus of 
the present invention. 
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FIG. 6 is a psychrometric chart showing the desiccant air 
conditioning cycle of the third embodiment. 

FIG. 7 is a schematic representation of a fourth embodi 
ment of the desiccant assisted air conditioning apparatus of 
the present invention. 

FIG. 8 is a psychrometric chart shoWing the desiccant air 
conditioning cycle of the fourth embodiment in case of a 
normal operational mode. 

FIG. 9 is a schematic representation of a ?fth embodiment 
of the desiccant assisted air conditioning apparatus of the 
present invention. 

FIG. 10 is a psychrometric chart shoWing the desiccant air 
conditioning cycle of the ?fth embodiment. 

FIG. 11 is a schematic representation of a sixth embodi 
ment of the desiccant assisted air conditioning apparatus of 
the present invention. 

FIG. 12 is a psychrometric chart shoWing the desiccant air 
conditioning cycle of the sixth embodiment in case of a 
normal operational mode. 

FIG. 13 is a schematic representation of a seventh 
embodiment of the desiccant assisted air conditioning appa 
ratus of the present invention. 

FIG. 14 is a psychrometric chart shoWing the desiccant air 
conditioning cycle of the seventh embodiment. 

FIG. 15 is a schematic representation of a conventional 
desiccant assisted air conditioning apparatus of the present 
invention. 

FIG. 16 is a schematic representation of another conven 
tional desiccant assisted air conditioning apparatus. 

FIG. 17 is a psychrometric chart of the conventional 
desiccant assisted air conditioning apparatus shoWn in FIG. 
16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A ?rst embodiment Will be explained With reference to 
FIGS. 1~2. 

FIG. 1 is a schematic representation of the ?rst embodi 
ment of the desiccant assisted air conditioning system. The 
vapor compression heat pump section or the refrigeration 
section of the system comprises an evaporator (cooling 
device) 240, condenser (heating device) 220, a compressor 
260 and an expansion valve 250 to perform refrigeration 
cycles by circulating a refrigerant through the passages 201, 
202, 203 and 204. A recovery heat exchanger 270 for heat 
exchange With the regeneration air is provided in the refrig 
erant passage 272 betWeen the evaporator 240 and the 
compressor 260 by Way of a valve 271. A bypass passage 
274 having a valve 273 is also provided so as to enable 
controlling the How of refrigerant for the recovery heat 
exchanger 270 and the bypass passage 274 by operation of 
the valves 271, 273. 

The air conditioning section of the desiccant assisted air 
conditioning apparatus shoWn in FIG. 1 is constructed as 
folloWs: the conditioning space 101 is communicated With 
the intake of the bloWer 102 through the passage 107; the 
outlet of the bloWer 102 is communicated With the desiccant 
Wheel 103 through the passage 108; the discharge for the 
process air from the desiccant Wheel 103 is communicated 
With the sensible heat exchanger 104 for the regeneration air 
through the passage 109; the outlet for the process air from 
the heat exchanger 104 is communicated With evaporator 
240 through the passage 110; the outlet for the process air 
from evaporator 240 is communicated With the humidi?er 
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105 through the passage 112; and the outlet for the process 
air from the humidi?er 105 is communicated With the 
conditioning space 101 through the passage 113; thereby 
completing a processing cycle for the process air. 

In the meanWhile, the regeneration air passage is as 
folloWs: outside environment is connected to the intake of 
the bloWer 140 through the passage 124; the outlet of the 
bloWer 140 is communicated With the sensible heat 
exchanger 104 heat-exchangeable With the process air; the 
outlet for the regeneration air from the sensible heat 
exchanger 104 is communicated With the inlet of the loW 
temperature side of another heat exchanger 121 through a 
passage 125; the outlet of the loW temperature side of the 
sensible heat exchanger 121 is communicated With the 
condenser 220 through the passage 126; the outlet for the 
regeneration air of the condenser 220 is communicated With 
the inlet for the regeneration air of the desiccant Wheel 103 
through the passage 127; the outlet for the regeneration air 
of the desiccant Wheel 103 is connected to the inlet of the 
high temperature side of the sensible heat exchanger 121 
through the passage 129; the outlet of the high temperature 
side of the sensible heat exchanger 121 is communicated 
With the recovery heat exchanger 270, the outlet for regen 
eration air of the recovery heat exchanger 270 is commu 
nicated to an external space through the passage 131, thus 
completing a regeneration air circulation. In FIG. 1, the 
circled alphabetical designations K~V refer to the thermo 
dynamic states of the air corresponding to those in FIG. 3, 
and SA designates supply air, RA designates return air, OA 
designates outside air and EX designates exhaust air. 
The cooling cycle of the vapor compression heat pump 

section of the desiccant assisted air conditioning system Will 
be explained. 

First, the normal mode of operation in Which heat is not 
recovered from the regeneration air by using a heat pump 
Will be described. In the normal mode, the valve 273 is 
opened and the valve 271 is closed to activate the bypass 
passage 274 to How a refrigerant, and inactivate the heat 
exchanger 270. In such a cycle, the refrigerant extracts heat 
of evaporation from the process air in the evaporator 
(cooling device) 240 and is evaporated. The refrigerant 
vapor enters the compressor 260 through the passage 204 
and the bypass passage 274, and is compressed. After the 
compression step, the refrigerant vapor enters the condenser 
(heater) 220 through the passage 201 and releases the heat 
of condensation to the regeneration air, and is condensed. 
The condensed refrigerant enters the expansion valve 250 
through the passage 202, and after reducing pressure and 
expanding, returns to the evaporator (cooling device) 240. 

Next, the case of start-up mode, in Which heat is recovered 
from the regeneration air by using a heat pump Will be 
explained. In the start-up mode, the valve 273 is closed and 
the valve 271 is opened. Therefore, the bypass passage 274 
does not operate, and the heat exchanger 270 becomes 
active. In such a con?gured cycle, the refrigerant ?rst 
extracts the heat of condensation from the evaporator 
(cooling device) 240 to partially be evaporated, and enters 
the heat exchanger 270 through the passages 204, 272. In the 
heat exchanger 270, the refrigerant exiting the evaporator 
(cooling device) 240, i.e., the unevaporated refrigerant 
evaporates so as to cool the regeneration air. The refrigerant 
vapor enters the compressor 260 through the passage 205, 
and after being compressed, enters the condenser (heating 
device) 220 through the passage 201 to condense While 
releasing the heat of condensation to the regeneration air. 
The condensed refrigerant enters the expansion valve 250 
through the passage 202, and after reducing pressure and 
expanding, it returns to the evaporator (cooling device) 240. 
















